Abstract: Although there are several studies describing bacteria associated with marine fish, the bacterial composition associated with seahorses has not been extensively investigated as these studies have been restricted to the identification of bacterial pathogens. In this study, the phylogenetic affiliation of seahorse-associated bacteria was assessed by 16S rRNA gene sequencing of cloned DNA fragments. Fluorescence in situ hybridization (FISH) was used to confirm the presence of the predominant groups indicated by 16S rRNA analysis. Both methods revealed that Vibrionaceae was the dominant population in Artemia sp. (live prey) and intestinal content of the seahorses, while Rhodobacteraceae was dominant in water samples from the aquaculture system and cutaneous mucus of the seahorses. To our knowledge, this is the first time that bacterial communities associated with healthy seahorses in captivity have been described. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Rhodobacteraceae was dominant in water samples from the aquaculture system and 35 cutaneous mucus of the seahorses. To our knowledge, this is the first time that bacterial 36 communities associated with healthy seahorses in captivity have been described. 37 38 39
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Although there are several studies describing bacteria associated with marine fish, the 27 bacterial composition associated with seahorses has not been extensively investigated as 28 these studies have been restricted to the identification of bacterial pathogens. In this 29 study, the phylogenetic affiliation of seahorse-associated bacteria was assessed by 16S 30 rRNA gene sequencing of cloned DNA fragments. Fluorescence in situ hybridization 31 (FISH) was used to confirm the presence of the predominant groups indicated by 16S 32 rRNA analysis. Both methods revealed that Vibrionaceae was the dominant population 33
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[20]; Hugenholtz et al. [30] ; Suzuki et al. [51] ). Furthermore, the development of a 77 microscopic tool based on fluorescence in situ hybridization (FISH) using rRNA-78 targeted oligonucleotide probes can be used not only for identification of unculturable 79 species, but also provides a powerful tool for the quantification and visualization of 80 distribution and association of microbial populations [5] . 81
In this study, we determined the bacterial community composition associated to 82 seahorses in captivity using clone libraries of 16S rRNA genes. We also contrasted the 83 composition of these libraries with community structure determined by FISH using 84 oligonucleotide probes to target all relevant identified bacterial groups. It is important to 85 point out that seahorse maintenance requires the provision of live or frozen food, such 86
as Artemia, mysid shrimp and copepods [42, 43, 60] . This practice could potentially 87 introduce pathogenic microorganisms into the production system [46] . A better 88 understanding of the bacterial community associated with healthy seahorses is therefore 89 required in order to identify the roles of specific bacterial groups in both diseased and 90 healthy individuals. 91 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
PCR and cloning 111
The four samples were centrifuged at 10,000 × g for 15 min and genomic DNA was 112 extracted using the phenol-chloroform method [39] . 16S rRNA genes were amplified 113 from total genomic DNA by PCR using general bacterial primers (27F, 5'-AGA GTT 114 TGA TCM TGG CTC AG-3'; 1522R, 5'-AAG GAG GTG ATC CAN CCR CA-3') 115
[24]. In a final volume of 25 µl, reaction mixtures contained 1× PCR buffer, 0.2 mM 116 each dNTP's, 2.0 mM MgSO 4 , primers (0.2 µM each), 10 ng of template, and 0.025 U 117 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 49.7 % of the total abundance. Clones belonging to Actinobacteria (3.6-7.7 %), 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Actinobacteria and Bacteroidetes were less abundant (Table 2).  217 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 guttulatus showed a high number of sequences affiliated to Vibrionaceae (Fig. 1) . 232
Statistical comparison did not reveal significant differences between the clone libraries 233 from these sources. These observations indicate thus that Artemia sp. may have a strong 234 influence on the bacterial community structure in the intestinal content of H. guttulatus. 235
The most abundant clones found in both sources were closely related to the species 236
Vibrio splendidus and Vibrio cyclitrophicus. The FISH analysis also revealed that 237
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